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ABSTRACT
Background: Highly hazardous organophosphorus (OP) insecticides are responsible for most pesticide
poisoning deaths. As they are removed from agricultural practice, they are often replaced by carbamate
insecticides of perceived lower toxicity. However, relatively little is known about poisoning with these
insecticides.
Methods: We prospectively studied 1288 patients self-poisoned with carbamate insecticides admitted
to six Sri Lankan hospitals. Clinical outcomes were recorded for each patient and plasma carbamate
concentration measured in a sample to confirm the carbamate ingested.
Findings: Patients had ingested 3% carbofuran powder (719), carbosulfan EC25 liquid (25% w/v, 389),
or fenobucarb EC50 liquid (50% w/v, 127) formulations, carbamate insecticides of WHO Toxicity Classes
Ib, II, and II, respectively. Intubation and ventilation was required for 183 (14.2%) patients while 71
(5.5%) died. Compared with carbofuran, poisoning with carbosulfan or fenobucarb was associated with
significantly higher risk of death [carbofuran 2.2%; carbosulfan 11.1%, OR 5.5 (95% CI 3.0–9.8); fenobu-
carb 6.3%, OR 3.0 (1.2–7.1)] and intubation [carbofuran 6.1%; carbosulfan 27.0%, OR 5.7 (3.9–8.3); feno-
bucarb 18.9%, OR 3.6 (2.1–6.1)]. The clinical presentation and cause of death did not differ markedly
between carbamates. Median time to death was similar: carbofuran 42.3 h (IQR 5.5–67.3), carbosulfan
21.3 h (11.5–71.3), and fenobucarb 25.3 h (17.3–72.1) (p¼ 0.99); no patients showed delayed onset of
toxicity akin to the intermediate syndrome seen after OP insecticide poisoning. For survivors, median
duration of intubation was 67.8 h (IQR 27.5–118.8) with no difference in duration between carbamates.
Reduced GCS at presentation was associated with worse outcome although some patients with carbo-
sulfan died after presentation with normal GCS.
Conclusions: We did not find carbamate insecticide self-poisoning to vary markedly according to the
carbamate ingested although the case fatality varied according to the concentration and formulation of
the insecticide. Carbamate poisoning did not appear to be much less toxic than poisoning with some
liquid OP insecticide formulations, e.g., chlorpyrifos EC40, that we have previously noted in these same
hospitals (Lancet 2005, 366:1452–1459; QJM 2006, 99:513–522). Replacement of WHO Class II Toxicity
OP insecticides in agriculture with high-strength liquid carbamate formulations may not substantially
reduce case fatality after pesticide poisoning and, therefore, global suicide rates.
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Introduction
Pesticide self-poisoning is a major global health problem,
with hundreds of thousands of deaths each year.[1–4] The
majority of deaths over the last 30 years have been due to
organophosphorus (OP) insecticide poisoning. However,
recent pesticide regulations in for example Sri Lanka [5,6] and
China [7,8] has resulted in reduced agricultural use of highly
hazardous OP insecticides and a shift towards the use of
other insecticides, including carbamates.
Like OP insecticides, carbamates inhibit the acetylcholin-
esterase (AChE) enzyme resulting in overstimulation of cholin-
ergic synapses and death from acute respiratory failure.[9,10]
However, unlike many OP insecticides, carbamates do not
require activation after absorption and onset of clinical fea-
tures can be rapid.[11,12] Management involves resuscitation,
ventilatory support, and administration of atropine;[13,14]
oximes are usually not recommended in carbamate poisoning
due to rapid spontaneous reactivation of AChE.[10]
The three carbamate insecticides used locally in Sri Lankan
agriculture are carbofuran, carbosulfan, and fenobucarb
(BPMC) (Table 1 and Figure 1). Their formulation varies, second-
ary to their rat oral toxicity and Sri Lankan pesticide legislation.
Carbofuran is a WHO Class Ib toxicity (‘highly hazardous’)
insecticide that is only permitted in Sri Lanka as a 3% wettable
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powder. In contrast, both carbosulfan (a pro-poison of carbo-
furan) and fenobucarb are WHO Class II toxicity (‘moderately
hazardous’) insecticides that are available in liquid formulations
as 25% and 50% emulsifiable concentrates (EC), respectively
(again reflective of their relative rat oral toxicity – Table 1).
Many texts consider carbamate poisoning to be similar to,
but less severe than, OP insecticide poisoning and prolonged
ventilation rarely necessary.[9,10,12,14] However, there is rela-
tively little high-quality published clinical data on carbamate
poisoning with no large prospective case series of multiple
compounds. We do not know whether there is marked variation
in lethality and clinical syndrome between different carbamate
insecticides, as occurs importantly with OP insecticides.[15,16]
To answer this question, we established a prospective
cohort of Sri Lankan patients acutely self-poisoned with car-
bamates and compared the results with a case series of
patients with insecticide poisoning treated at the same time
in the same hospitals.[16–18]
Methods
Patients
Patients were seen on admission to six Sri Lankan hospitals
as part of an ongoing cohort study of acute self-poisoning
that started in March 2002 in Anuradhapura, June 2002 in
Polonnaruwa, November 2002 in Kurunegala, and September
2006 in Chilaw, Galle, and Peradeniya. The last patient was
recruited to this specific cohort in October 2010. The great
majority of patients were exposed due to self-harm, rather
than unintentional or occupational exposure. In a series of
1100 pesticide poisoning patients seen in these hospitals dur-
ing 2002–2003, 93.8% had poisoned themselves.[19]
Patients were included in this study if they had a history
of carbamate ingestion as indicated by the patient or
relatives, the transferring doctor, or the pesticide bottle.
Patients who ingested more than one carbamate or other
poison (except for alcohol) were excluded from the study.
Patients who were reported to have ingested a carbamate
but for which the specific compound was unknown were
grouped as ‘unknown carbamate’.
Patients remained under the care of the consultant physi-
cians. Management protocols were agreed between the ward
doctors and the study team. Decisions about intubation and
transfer of patients to intensive care were made by the med-
ical team independently of study doctors. All decisions were
made on the basis of the patient’s clinical condition and
available resources, not on the particular carbamate ingested.
Atropine was administered following a standard proto-
col.[13,16] Once resuscitated, until 16 October 2004, patients
or their relatives were approached concerning recruitment to
a RCT of activated charcoal that was nested into the
cohort;[20] informed signed consent was obtained from
patients or relatives.
All patients were seen regularly by full time study doctors
at least every 3 h and more according to clinical need.
Significant events (intubation, seizures, and death) were
recorded at the time of the event. Patients were also seen on
a study ward round twice each day and their condition over
the previous 12 h recorded.
Patients were first managed on the medical ward. Seriously ill
patients, as judged by the ward’s medical staff, were transferred to
the intensive care unit (ICU) as beds became available. Each hos-
pital had 2–8 ICU beds for medical patients; there was always diffi-
culty in obtaining a bed. Criteria for intubation were tidal volume
less than 180ml/breath using Wright’s respirometer, respiratory
rate<10 breaths/min, or failure of a Guedel airway to preserve air-
way function. Arterial blood gases were not available to guide ther-
apy. Hypotensive patients, not responding to atropine and fluid
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Figure 1. Structures of the three carbamate insecticides. Carbosulfan is metabolised to carbofuran.
Table 1. Characteristics of the three carbamate insecticides.
Carbamate insecticide Carbofuran Carbosulfan Fenobucarb
CAS number 1563-66-2 55285-14-8 3766-81-2
WHO toxicity class Ib Highly hazardous II Moderately hazardous II Moderately hazardous
Rat oral LD50
a
– WHO [30] 8 250 620
– CPH [31] 8 209 640
Fat solubility (log p)b 2.32 5.57 2.78
Preparation Solid Liquid Liquid
Formulation
– g/kg or g/L 30 250 500
– Size/volume 0.5–1.0 kg 100–200mL 100–200mL
aTwo sources of rat oral LD50 values (mg/kg) are given here. Abbreviations: CPH: Crop Protection Handbook; WHO: World Health Organization.
bLog P (or log Kow), the logarithm of the partition coefficient between n-octanol and water, correlates with fat solubility. The values given here are from TOXNET:
ChemIDplus, US National Library of Medicine. A value of<1.0 indicates a hydrophilic compound; a value>4.0 indicates a highly fat soluble compound.
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resuscitation, were treated with dopamine and dobutamine as
necessary by infusion pump. Norepinephrine and epinephrine
infusions were not used; bolus epinephrine was administered for
cardiac arrests. Ethics approval was obtained from Oxfordshire
Clinical Research Ethics Committee and Faculty of Medicine Ethics
Committee, Colombo.
Toxicological analysis
Blood samples were taken from a nested sample of patients
recruited to the RCT until December 2003 and used to test
the accuracy of the history of carbamate ingestion. Admission
plasma samples (taken a median time of 4–5 h post-ingestion
for all three carbamates) were assayed in Brisbane for carba-
mate concentration in 198 patients (96 carbofuran, 75 carbo-
sulfan, and 27 fenobucarb) by liquid chromatography/tandem
mass spectrometry, as published.[21] The limits of detection
were 10 ng/mL for carbosulfan and fenobucarb and 20 ng/mL
for carbofuran. Neither butyrylcholinesterase nor acetylcholin-
esterase were measured in these samples.
Statistics
Primary data analysis was performed on Graphpad Prism 5
(Graphpad Inc., San Diego, CA). Demographic factors and clin-
ical characteristics were summarised using counts for categor-
ical variables and the median (interquartile range [IQR]) for
non-normally distributed continuous variables. Case fatality
and need for intubation in the carbosulfan and fenobucarb
groups were calculated and compared with carbofuran by cal-
culating odds ratios and 95% CI.
Results
Between March 2002 and October 2010, 1288 patients with
acute self-poisoning were identified as ingesting a carbamate
insecticide. Of these, 719 (55.8%) had ingested carbofuran,
389 (30.2%) carbosulfan, 127 (9.9%) fenobucarb, and 53
(4.1%) an unspecified carbamate. Demographic data for the
three carbamate patient groups were similar at baseline
(Table 2).
Plasma pesticide concentrations
We measured the concentration of the carbamate active
ingredients (both parent and metabolite in the case of carbo-
sulfan poisoning) in a nested sample of patients to estimate
the accuracy of the history of ingestion and compare plasma
concentrations. Carbamates were identified in plasma in 167/
198 (84.3%) cases (carbofuran 76/96 [79.2%], carbosulfan 65/
75 [86.7%], and fenobucarb 26/27 [96.3%]).
The differences in the formulation (and, therefore, the ease
of ingestion) and rapid metabolism of carbosulfan to carbo-
furan was notable in the median plasma carbamate concen-
trations of patients poisoned by the three pesticides taken a
median of 4–5 h post-ingestion (Table 2). Carbofuran, as a
metabolite formed by CYP3A4 [22] from the relatively high
concentration carbosulfan EC25 formulation, was present at
higher concentrations in plasma of patients with carbosulfan
poisoning (median 285 [IQR 0–1404] mcg/L) than after carbo-
furan poisoning (53.9 [IQR 0–272] mcg/L, p< 0.019) despite
similar median times to presentation and blood sampling.
Clinical variation
Of the 1288 patients, 183 (14.2%) patients required intubation
and ventilation and 71 (5.5%) died. The differences in the for-
mulation, amount ingested, and plasma concentration, were
reflected in the variation of case fatality and need for ventila-
tion among the patient groups (Table 3).
Table 2. Demographic and admission characteristics following carbamate self-poisoning.
Carbamate insecticide Carbofuran (n¼ 719) Carbosulfan (n¼ 389) Fenobucarb (n¼ 127)
Demographics
Male [n (%)] 428 (59.5) 274 (70.4) 82 (64.6)
Age [years, median (interquartile range [IQR])] 31 (21–42) 28 (20–38) 27 (20–37)
Time to presentation [h; median, IQR]a 5 (3–8) 4 (3–7) 4 (2–6)
Activated charcoal treatment
No charcoal (%) 42.2 46.0 42.7
Single dose (%) 46.1 43.4 40.3
Multiple dose (%) 11.7 8.6 8.9
Admission characteristics
Glasgow Coma Score (GCS) [median (IQR)] 15 (15–15) 15 (11–15) 15 (13–15)
Carbamate plasma concentration [mcg/L; median, (IQR)]b 53.9 [0–272] 18.3 [0–44.5] 1160 [133–47,500]
aThe time of ingestion was known for 702, 375, and 124 patients, respectively.
bThe carbamate concentration was measured in 96 carbofuran patients, 75 carbosulfan patients, and 27 fenobucarb patients.
Table 3. Outcomes following admission to hospital with carbamate insecticide self-poisoning.
Carbamate insecticide Carbofuran (n¼ 719) Carbosulfan (n¼ 389) Fenobucarb (n¼ 127)
Outcomes
Number of deaths (n) 16 43 8
Case fatality ratio [% (95% CI)] 2.2 (1.3–3.6) 11.1 (8.1–14.6) 6.3 (2.8–12.0)
Time to death (h; median, IQR) 42.3 (5.5–67.3) 21.3 (11.5–71.3) 25.3 (17.3–72.1)
Number requiring intubation (n) 44 105 24
Proportion [% (95% CI)] 6.1 (4.5–8.1) 27.0 (22.6–31.7) 18.9 (12.5–26.8)
Time to intubation (h; median, IQR) 3.0 (1.5–5.9) 3.4 (1.8–10.5) 3.8 (2.0–6.5)
Duration of intubation (survivors) (h; median, IQR) 54.3 (12.3–90.0) 70.8 (36.3–132.9) 79.5 (34.3–158.0)
Number with seizures (n) 4 8 1
Proportion [% (95% CI)] 0.6 (0.2–1.4) 2.1 (0.9–4.0) 0.8 (0.0–4.3)
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Carbosulfan and fenobucarb poisoning was more severe
than carbofuran poisoning: the case fatality for carbofuran
was 2.2%, carbosulfan 11.1% (odds ratio [OR] 5.5 [3.0–9.8],
p< 0.0001 versus carbofuran), and fenobucarb 6.3% (OR 3.0
[1.2–7.1] p< 0.018 versus carbofuran, Table 3). Of the patients
ingesting an unknown carbamate, 7.5% died.
The need for intubation and ventilation was more com-
mon with carbosulfan and fenobucarb (Table 3), the propor-
tion of patients requiring intubation with carbofuran being
6.1%, carbosulfan 27.0% (OR 5.7 [3.9–8.3] p< 0.0001 versus
carbofuran), and fenobucarb 18.9% (OR 3.6 [2.1–6.1]
p< 0.0001 versus carbofuran, Table 3). Of patients ingesting
an unknown carbamate, 18.9% required intubation. The time
to intubation post-exposure did not differ significantly
between carbamates (Table 3 and Figure 2(A)).
Unlike OP insecticides,[16] the pattern of toxicity and
death (as distinct from severity) did not differ markedly
between the individual carbamates. None of the carbamates
typically produced a delayed onset of toxicity as is common
after poisoning with the fat soluble OP, fenthion, despite the
octanol–water partition coefficient (log Kow, a marker of water
solubility) of carbosulfan being high (Table 1). Of the patients
who died for whom the time of ingestion was known
(n¼ 65), most deaths (41/65, 63.1%) occurred within the first
48 h after ingestion (Figure 3). A few deaths from carbofuran
(4/15, 26.7%), carbosulfan (6/38, 15.8%), or fenobucarb (1/8,
12.5%) occurred late, after 5 d, due to complications of long-
term ventilation or the respiratory or neurological complica-
tions of events that occurred before admission. The median
time to death for patients poisoned by the three pesticides
did not differ between carbamate insecticides (Table 3). Overt
seizures were rare for all three carbamates, occurring in just
14/1288 cases (1.1%, Table 3).
Duration of ventilation
Of the intubated patients (183) for whom the times of inges-
tion and of intubation were known (156, 85.2%), the majority
(125/156; 80.1%) were intubated within 12 h of ingestion
(Figure 2(A)) because of cholinergic features and respiratory
failure. Only 31 (19.9%) were intubated after 12 h.
Of these 156 intubated patients, 38 (24.4%) died before
hospital discharge. Six (15.8%) died within 8 h of ingestion
from cardiovascular instability – each patient was severely ill
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Figure 2. Time to (A) first intubation and (B) for survivors, duration of intubation, according to carbamate ingested. There was little difference in time to intubation
and duration of intubation between pesticides. The majority of patients were intubated between 0.5 and 5 h post-ingestion; nearly all were intubated within 48 h.
Patients intubated after 48 h were typically intubated for worsening pneumonia and not for peripheral neuromuscular failure as noted after OP insecticide poisoning.
Bars show the median (IQR) time.
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on admission, was never stabilised, and did not regain con-
sciousness before death. Sixteen (42.1%) died 12–48 h after
ingestion; all but one remained unconscious until death.
Sixteen (42.1%) died later during their inpatient stay, from 2
to 9 d post-intubation, clinically due not to acute toxicity but
to late complications of poisoning (pneumonia, pre-hospital
aspiration, and/or ventilation) (post-mortem data were not
available).
For survivors, the median duration of intubation was 67.8
(IQR 27.5–118.8) h. There was no significant difference in dur-
ation among carbamates: carbofuran 54.3 (12.3–90.0) h, car-
bosulfan 70.8 (36.3–132.9) h, and fenobucarb 79.5
(34.3–158.0) h (Figure 2(B)).
After OP insecticide poisoning, we found that patients
who were intubated late, more than 24 h after ingestion,
required longer periods of intubation and ventilation (early 33
versus 219 h, p< 0.001).[17] To determine whether such an
effect was seen with carbamate poisoning, we compared the
duration of intubation in patients intubated for the first time
before and after 24 h.
We found no such effect in carbamate-poisoned patients
(Figure 4), suggesting that sustained neuromuscular junction
(NMJ) dysfunction is not a common feature of carbamate
poisoning. Of the 183 intubated patients, 138 (75.4%) sur-
vived to discharge; 119 (86.2%) had ingested one of carbo-
furan, carbosulfan, or fenobucarb. The median duration of
intubation according to time of first intubation (early<24 h
versus late24 h) did not differ for any of the three insecti-
cides: carbofuran early 42.8 h (IQR 11.5–89.8) versus late
88.5 h (IQR 46.9–173, p¼ 0.145); carbosulfan early 73.8 h (IQR
37.4–147) versus late 63.4 h (IQR 36.4–89.0, p¼ 0.471); fenobu-
carb early 71.0 h (IQR 35.3–110) versus late 91.9 h (IQR
20.8–163, p¼ 0.943). Only 23/138 patients (16.7%) were intu-
bated for longer than 1 week.
GCS on admission and prognosis
A reduced Glasgow coma score (GCS) was a predictor of poor
prognosis. Compared with patients presenting with a GCS of
15/15 who had a case fatality of 16/942 (1.7%), all patients
with reduced consciousness GCS14/15 or with profound
coma (GCS 3/15) had case fatalities of 54/332 (16.3%, OR 11.3
[6.3–20.0], p¼<0.001) or 32/69 (46.4%, OR 50.1 [25.3–99.3],
p¼<0.001), respectively.
Fatal cases with carbofuran, carbosulfan, and fenobucarb
poisoning presented with median (IQR) GCS scores of 3
(3–11), 6 (3–15), and 8 (3–12), respectively. Although a GCS of
15 was overall a good prognostic indicator, it varied between
carbamate. For patients who had ingested carbofuran with a
GCS of 15 at presentation, the case fatality was 2/570 (0.4%),
compared with that of carbosulfan 13/256 (5.1%, OR 15.2
[3.4–67.9] p¼<0.001) and fenobucarb 1/85 (1.2%, OR 3.3
[0.30–37.3] p¼ 0.344). Receiver operated curve (ROC) analysis
for the three carbamates showed a better sensitivity and spe-
cificity for fenobucarb (AUC 0.94 [CI 0.80–1.07]) compared
with the other carbamates and all carbamates together
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(AUCs: carbofuran 0.90 [CI 0.80–1.00], carbosulfan 0.75 [CI
0.66–0.84], all carbamates 0.82 [CI 0.76–0.88]) (Figure 5).
Discussion
Pesticide self-poisoning causes hundreds of thousands of
deaths each year.[3] OP insecticides have long been respon-
sible for the majority of these deaths but the most toxic OP
compounds are now slowly being removed from agricultural
practice. In the developing world, they are being replaced by
carbamates and neonicotinoids together with other more
modern insecticides. Neonicotinoids, such as imidacloprid,
and other modern insecticides are less toxic [18]; however,
the effect of shifting to carbamates on deaths from pesticide
self-poisoning is unclear.
Although carbamates are generally considered to be less
toxic than OP insecticides, we show here that poisoning with
liquid EC formulations of WHO Class II carbamates results in
case fatalities similar to many WHO Class II OP insecticides. A
similar conclusion was drawn for Class I OP and carbamate
insecticides from a small retrospective South Korean study
comparing poisoning by the carbamate methomyl (17 cases)
with poisoning by the OP insecticides methidathion, ethyl 4-
nitrophenyl phenylphosphonothioate (EPN), dichlorvos, phos-
phamidon, and parathion (42 cases).[23] Switching from OP
liquid formulations to high-concentration carbamate liquid
formulations will likely not have a major effect on global sui-
cide rates.
We found marked differences in plasma concentration of
the different carbamates, with fenobucarb having significantly
higher blood concentrations, due to the higher concentration
liquid formulation. This high concentration was not associated
with a high fatality due to the inherently lower toxicity of this
carbamate compared with carbofuran.
The plasma carbofuran concentration was higher in
patients ingesting carbosulfan than those ingesting carbo-
furan, due to the more concentrated liquid formulation of car-
bosulfan and the conversion of carbosulfan to carbofuran by
CYP3A4 metabolism. In vitro studies indicate that polymor-
phisms in this CYP enzyme [24] may result in varied produc-
tion of the toxic metabolite.[22] However, we were not able
to measure CYP3A4 activity in these patients to assess the
importance of polymorphisms in toxicity.
Although the three most commonly ingested carbamates
in our study varied in chemistry, we surprisingly did not find
any of the marked variation in pattern of clinical presentation
we have noted with OP insecticides of similarly varied chem-
istry.[16] These carbamates appear representative of the car-
bamate class as a whole, having oral rat LD50s and log Ps
across the class range (Figure 6). The differences in propor-
tion of patients dying and requiring ventilation is likely
explained in part by their varying formulation which affected
the dose ingested and median plasma concentration. Patients
appeared to find it more difficult to ingest a large dose of
the 3% wettable powder formulation of carbofuran compared
with the liquid formulations of the other two carbamates. The
high case fatality caused by carbosulfan was likely due to the
production of carbofuran after ingestion. The rat LD50 did not
accord with human toxicity.
Few patients became sick after 12 h, suggesting that the
intermediate syndrome is uncommon after carbamate poison-
ing. This conclusion differs from an Indian study of 66
patients with isolated carbosulfan poisoning in which nine
(13.6%) died and 12 (18.2%) had respiratory failure after
12 h.[25] Persistent respiratory failure occurred in four carbo-
furan-poisoned patients as they regained consciousness with
resolution of the acute cholinergic crisis,[25] suggesting NMJ
failure that developed during the cholinergic crisis (as has
been reported with OP poisoned patients [17]). The different,
higher-toxicity, liquid EC formulation of carbofuran in India
might be responsible for this difference.
The median duration of intubation for survivors was 67.8 h.
This contrasts with the median duration in a case series of
OP-poisoned patients intubated more than 24 h post-inges-
tion (219 h) but is more similar to the median 33 h intubation
noted for OP-poisoned patients intubated within 24 h.[17] It is
unclear whether treatment with oximes would have reduced
the duration of intubation but pralidoxime did not do so in a
clinical trial of OP-poisoned patients we performed at the
same time.[26] The long duration intubations were required
to treat sepsis and pneumonia in patients who had often
aspirated.
Seizures were uncommon in this case series; they were,
however, most common after poisoning with the most fat-sol-
uble carbamate (carbosulfan), similar to the situation with OP
insecticides.[15,16]
Lower GCS on admission was associated with worse out-
come; of note, 30% of deaths after carbosulfan poisoning
occurred in patients who presented with normal conscious-
ness. This was uncommon with the other carbamates, consist-
ent perhaps with the time taken to convert carbosulfan to
the more toxic carbofuran after ingestion. Out-of-hospital
deaths were not recorded in this study and it is plausible that
this delay also meant these were less likely with carbosulfan.
A low GCS (13/15) was previously found to be an independ-
ent predictor of complications in a small retrospective case
series of 52 patients poisoned by WHO Toxicity Class Ib and II
carbamates.[27] These same authors found that deaths after
carbamate poisoning occurred in patients presenting to hos-
pital in cardiorespiratory arrest, a situation that was
Figure 5. Receiver operated curve analysis for the carbamates. Blue diamonds:
fenobucarb; red circles: carbofuran; green squares: carbosulfan.
6 T. LAMB ET AL.
D
ow
nl
oa
de
d 
by
 [T
he
 U
niv
ers
ity
 of
 E
din
bu
rg
h]
 at
 05
:24
 02
 Ju
ne
 20
16
 
uncommon for the OP insecticides.[23] This early presentation
of severe carbamate poisoning may be due to these insecti-
cides not requiring activation after absorption.[11,12]
Current treatment for carbamate-poisoned patients, as for
OP insecticide-poisoned patients, is only partially effective,
with case fatality for carbosulfan-poisoned patients greater
than 10%. The lack of variability in clinical syndrome suggests
that there is no need to develop management approaches
specific to particular carbamate compounds. However, the
poor outcome indicates that better therapies are required or
that carbamates should not be used in small-scale agriculture
in rural communities where safe use due to limited agricul-
tural and economic resources is not possible.
Limitations
Limitations of this study include the lack of a blood sample
from all patients to identify the carbamate ingested and the
lack of facilities for routine measurement of acetylcholinester-
ase activity. Plasma samples were available for 198 patients
and a carbamate could be detected in 83.8% of them, sug-
gesting that the history effectively identified the ingested car-
bamate. We did not exclude patients without carbamate in
the blood from the analysis since we did not have blood
samples for all patients and this would have introduced bias.
Post-mortem data were not available for confirmation of
the cause of death. Cause of death was decided on clinical
grounds.
All patients were seen and treated in a resource-limited
hospital. Intensive care beds were limited with no specialist
intensivists and the use of only dopamine/dobutamine for
cardiovascular support. It is likely that some of these patients
would have survived if treated in a world-class intensive care
unit. There has also been a long lag time between data col-
lection and publication; it is possible that improvements in
intensive care provision in these hospitals might have
improved outcome. However, the majority of patients with
carbamate self-poisoning present to such busy resource-lim-
ited district hospitals and so the data reported here represent
well the global situation.
Dimethoate poisoning has been shown to be influenced
by ethanol co-ingestion/intoxication and by blood ethanol
concentration [28] and also by the solvent in a large animal
model.[29] We noted no evidence of an effect of ethanol or
solvent in this study but unfortunately were not able to look
for variation in, and concentration of, different solvents and
ethanol. Such studies are required to better understand all
forms of pesticide poisoning.
Conclusion
We found that carbamate self-poisoning showed surprisingly
little variation in the clinical pattern of poisoning and, for
liquid emulsion concentrates of WHO Class II compounds,
case fatalities as high as, and often higher than, OP insecti-
cides of similar toxicity. Carbamates do not appear to be less
toxic than OP insecticides in human poisoning. Regulation of
agricultural pesticides that encourages farmers to switch from
OP to carbamate insecticides will likely not result in major
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Figure 6. Rat oral toxicity (LD50) and octanol/water solubility (log Kow) for the three carbamates, compared to all carbamates and all OP insecticides. Data on rat oral
toxicity were taken from the WHO Classification of Pesticides; data on log Kow from NLM TOXNET. The three WHO Class II OP insecticides most closely studied in these
same hospitals [16] are also indicated.
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global reduction in suicide. However, reformulation of hazard-
ous pesticides from high-concentration liquid formulations to
low-concentration solid preparations should reduce deaths.
Acknowledgements
We thank the directors, consultant physicians, medical and nursing staff
of the study hospitals for their support and the Ox-Col and SACTRC study
doctors for their immensely valuable work.
Disclosure statement
The study sponsor had no role in the design and conduct of the study;
collection, management, analysis, and interpretation of the data; and
preparation, review, or approval of the manuscript.
Funding information
This work was supported by the Wellcome Trust [grant number 063560]
and a Wellcome Trust/NHMRC International Collaborative Research Grant
[grant number 071669].
References
[1] Eddleston M. Patterns and problems of deliberate self-poisoning
in the developing world. QJM. 2000;93:715–731.
[2] Phillips MR, Yang G, Zhang Y, et al. Risk factors for suicide in
China: a national case-control psychological autopsy study. Lancet.
2002;360:1728–1736.
[3] Gunnell D, Eddleston M, Phillips MR, et al. The global distribution
of fatal pesticide self-poisoning: systematic review. BMC Public
Health. 2007;7:357.
[4] Patel V, Ramasundarahettige C, Vijayakumar L, et al. Suicide mor-
tality in India: a nationally representative survey. Lancet. 2012;379:
2343–2351.
[5] Gunnell D, Fernando R, Hewagama M, et al. The impact of pesti-
cide regulations on suicide in Sri Lanka. Int J Epidemiol. 2007;
36:1235–1242.
[6] Eddleston M, Adhikari S, Egodage S, et al. Effects of a provincial
ban of two toxic organophosphorus insecticides on pesticide poi-
soning hospital admissions. Clin Toxicol (Phila). 2012;50:202–209.
[7] Chinese Ministry of Agriculture. The 199th announcement by the
Chinese Ministry of Agriculture, Beijing; 2002.
[8] Zhang J, Sun L, Liu Y, et al. The change in suicide rates between
2002 and 2011 in China. Suicide Life Threat Behav. 2014;44:
560–568.
[9] Ballantyne B, Marrs TC. Overview of the biological and clinical
aspects of organophosphates and carbamates. In: Ballantyne B,
Marrs TC, editors. Clinical and experimental toxicology of organo-
phosphates and carbamates. Oxford: Butterworth Heinemann;
1992. p. 3–14.
[10] Lotti M. Clinical toxicology of anticholinesterase agents in humans.
In: Krieger RI, Doull J, editors. Handbook of pesticide toxicology.
Vol. 2. 2nd ed. San Diego: Academic Press; 2001. p. 1043–1085.
[11] Eddleston M, Sudarshan K, Senthilkumaran M, et al. Patterns of
hospital transfer for self-poisoned patients in rural SriLanka: impli-
cations for estimating the incidence of self-poisoning in the devel-
oping world. Bull World Health Organ. 2006;84:276–282.
[12] Vale A, Lotti M. Organophosphorus and carbamate insecticide poi-
soning. Handb Clin Neurol. 2015;131:149–168.
[13] Eddleston M, Dawson A, Karalliedde L, et al. Early management
after self-poisoning with an organophosphorus or carbamate
pesticide-a treatment protocol for junior doctors. Crit Care. 2004;
8:R391–RR97.
[14] King AM, Aaron CK. Organophosphate and carbamate poisoning.
Emerg Med Clin North Am. 2015;33:133–151.
[15] Wadia RS, Bhirud RH, Gulavani AV, et al. Neurological manifesta-
tions of three organophosphate poisons. Indian J Med Res.
1977;66:460–468.
[16] Eddleston M, Eyer P, Worek F, et al. Differences between organo-
phosphorus insecticides in human self-poisoning: a prospective
cohort study. Lancet. 2005;366:1452–1459.
[17] Eddleston M, Mohamed F, Davies JOJ, et al. Respiratory failure in
acute organophosphorus pesticide self-poisoning. Q J Med.
2006;99:513–522.
[18] Dawson AH, Eddleston M, Senarathna L, et al. Acute human lethal
toxicity of agricultural pesticides: a prospective cohort study. PLoS
Med. 2010;7:e1000357.
[19] Eddleston M, Gunnell D, Karunaratne A, et al. Epidemiology of
intentional self-poisoning in rural Sri Lanka. Br J Psychiatry.
2005;187:583–584.
[20] Eddleston M, Juszczak E, Buckley NA, et al. Multiple-dose activated
charcoal in acute self-poisoning: a randomised controlled trial.
Lancet. 2008;371:579–586.
[21] Mostafa A, Medley G, Roberts DM, et al. Simultaneous quantifica-
tion of carbamate insecticides in human plasma by liquid chroma-
tography/tandem mass spectrometry. J Chromatogr B Analyt
Technol Biomed Life Sci. 2011;879:2234–2238.
[22] Abass K, Reponen P, Mattila S, et al. Metabolism of carbosulfan II.
Human interindividual variability in its in vitro hepatic biotrans-
formation and the identification of the cytochrome P450 isoforms
involved. Chem Biol Interact. 2010;185:163–173.
[23] Lee BK, Jeung KW, Lee HY, et al. Mortality rate and pattern follow-
ing carbamate methomyl poisoning. Comparison with organo-
phosphate poisoning of comparable toxicity. Clin Toxicol. 2011;
49:828–833.
[24] Werk AN, Cascorbi I. Functional gene variants of CYP3A4. Clin
Pharmacol Ther. 2014;96:340–348.
[25] Indira M, Andrews MA, Prakesh TP. Incidence, predictors, and out-
come of intermediate syndrome in cholinergic insecticide poison-
ing: a prospective observational cohort study. Clin Toxicol. 2013;
51:838–845.
[26] Eddleston M, Eyer P, Worek F, et al. Pralidoxime in acute organo-
phosphorus insecticide poisoning – a randomised controlled trial.
PLoS Med. 2009;6:e1000104.
[27] Moon JM, Chun BJ, Lee BK. Glasgow coma scale score in the prog-
nosis of acute carbamate insecticide intoxication. Clin Toxicol
(Phila). 2012;50:832–837.
[28] Eddleston M, Gunnell D, von ML, et al. Relationship between
blood alcohol concentration on admission and outcome in
dimethoate organophosphorus self-poisoning. Br J Clin Pharmacol.
2009;68:916–919.
[29] Eddleston M, Street JM, Self I, et al. A role for solvents in the tox-
icity of agricultural organophosphorus pesticides. Toxicology.
2012;294:94–103.
[30] World Health Organization. The WHO recommended classification
of pesticides by hazard and guidelines to classification: 2009.
Geneva: WHO; 2010.
[31] Crop Protection Handbook 2003. Willoughby, OH: Meister
Publishing Company; 2003.
8 T. LAMB ET AL.
D
ow
nl
oa
de
d 
by
 [T
he
 U
niv
ers
ity
 of
 E
din
bu
rg
h]
 at
 05
:24
 02
 Ju
ne
 20
16
 
